Resonance Raman study on synergistic activation of soluble guanylate cyclase by imidazole, YC-1 and GTP.
Soluble guanylate cyclase (sGC), a physiological nitric oxide (NO) receptor, is a heme-containing protein and catalyzes the conversion of GTP to cyclic GMP. We found that 200 mM imidazole moderately activated sGC in the coexistence with 3-(5'-hydroxymethyl-2'-furyl)-1-benzylindazole (YC-1), although imidazole or YC-1 alone had little effect for activation. GTP facilitated this process. Resonance Raman spectra of imidazole complex of native sGC and CO-bound sGC (CO-sGC) have demonstrated that a simple heme adduct with imidazole at the sixth coordination position is not present for both sGC and CO-sGC below 200 mM of the imidazole concentration and that the Fe-CO stretching band (nuFe-CO)) appears at 492 cm(-1) in the presence of imidazole compared with 473 cm(-1) in its absence. Both frequencies fall on the line of His-coordinated heme proteins in the nuFe-CO vs nuC-O plot. However, it is stressed that the CO-heme of sGC becomes apparently photo-inert in a spinning cell in the presence of imidazole, suggesting the formation of five-coordinate CO-heme or of six-coordinate heme with a very weak trans ligand. These observations suggest that imidazole alters not only the polarity of heme pocket but also the coordination structure at the fifth coordination side presumably by perturbing the heme-protein interactions at propionic side chains. Despite the fact that the isolated sGC stays in the reduced state and is not oxidized by O(2), sGC under the high concentration of imidazole (1.2 M) yielded nu4 at 1373 cm(-1) even after its removal by gel-filtration, but addition of dithionite gave the strong nu4 band at 1360 cm(-1). This indicated that imidazole caused autoxidation of sGC.